Effect Assessment of Marine Ecological Restoration：A Case Study of Sansha Bay by 李倨莹
  
学校编码：10384                                               密级     









硕 士 学 位 论 文 




Effect Assessment of Marine Ecological Restoration： 







专  业 名 称：环 境 工 程 
论文提交日期：2016 年 4 月 
论文答辩时间：2016 年 5 月 
 
 




















另外，该学位论文为（                  ）课题（组）的研
究成果，获得（                 ）课题（组）经费或实验室的资





声明人（签名）：                



























（     ）1.经厦门大学保密委员会审查核定的保密学位论文，于       
年  月  日解密，解密后适用上述授权。 






声明人（签名）：               

















摘 要 ........................................................................................................... I 
Abstract ..................................................................................................... III 
第 1章 绪论............................................................................................... 1 
1.1 研究背景及意义.............................................................................................. 1 
1.1.1 研究背景............................................................................................... 1 
1.1.2 研究意义............................................................................................... 1 
1.2 海洋生态修复研究进展.................................................................................. 2 
1.2.1 生态修复的概念................................................................................... 2 
1.2.2 海湾生态修复的概念........................................................................... 4 
1.2.3 海洋生态修复研究进展....................................................................... 5 
1.3 生态修复评价研究进展.................................................................................. 7 
1.3.1 生态修复效果评价............................................................................... 7 
1.3.2 生态系统健康评价............................................................................... 9 
1.4 主要研究内容与技术路线............................................................................ 11 
1.4.1 研究内容............................................................................................. 11 
1.4.2 技术路线............................................................................................. 13 
第 2章 海湾生态修复效果评价方法 .................................................... 14 
2.1 指标选取原则................................................................................................ 14 
2.2 指标体系构建................................................................................................ 15 
2.2.1 修复目标的确定................................................................................. 15 
2.2.2 指标体系构建..................................................................................... 15 
2.2.3 指标内涵............................................................................................. 19 
2.3 指标标准化................................................................................................... 23 
2.3.1 评价指标无量纲化............................................................................. 23 
2.3.2 评价标准的确定................................................................................. 24 















2.4 评价模型........................................................................................................ 25 
2.4.1 指标赋权方法..................................................................................... 25 
2.4.2 综合评价方法..................................................................................... 27 
第 3章 三沙湾海域基本概况 ................................................................ 31 
3.1 区域概况........................................................................................................ 31 
3.1.1 三沙湾自然地理概况......................................................................... 31 
3.1.2 三沙湾社会经济概况......................................................................... 34 
3.1.3 三沙湾相关规划情况......................................................................... 36 
3.2三沙湾生态修复基本概况 ............................................................................ 40 
3.2.1 三沙湾生态环境问题......................................................................... 40 
3.2.2 三沙湾生态修复主要内容................................................................. 41 
第 4章 三沙湾生态修复效果评价 ........................................................ 44 
4.1 指标体系数据处理........................................................................................ 44 
4.1.1 数据来源说明..................................................................................... 44 
4.1.2 指标赋值............................................................................................. 44 
4.2 确定指标权重................................................................................................ 57 
4.3 生态修复效果评价........................................................................................ 58 
4.3.1 综合指数法评价结果......................................................................... 58 
4.3.2 模糊综合评价法评价结果................................................................. 60 
第 5章 结论与展望 ................................................................................ 67 
5.1 研究结果与讨论............................................................................................ 67 
5.1.1 结论..................................................................................................... 67 
5.1.2 讨论..................................................................................................... 68 
5.2 三沙湾海湾生态系统修复建议.................................................................... 72 
5.2.1 水质污染控制..................................................................................... 72 
5.2.2 生物资源增殖养护............................................................................. 75 















5.2.4 海洋开发管理及监测评价................................................................. 77 
5.3 创新与不足.................................................................................................... 77 
5.3.1 创新点................................................................................................. 77 
5.3.2 不足之处............................................................................................. 78 
5.4 展望................................................................................................................ 78 
参考文献 ................................................................................................... 79 
致 谢 ......................................................................................................... 87 
















Abstract in Chinese ..................................................................................... I 
Abstract ..................................................................................................... III 
Chapter 1 Preface ........................................................................................ 1 
1.1 Background and Significance .......................................................................... 1 
1.1.1 Background ........................................................................................... 1 
1.1.2 Significance........................................................................................... 1 
1.2 Research Progress of Marine Ecological Restoration ...................................... 2 
1.2.1 Concept of Ecological Restoration ....................................................... 2 
1.2.2 Concept of Gulf Ecological Restoration ............................................... 4 
1.2.3 Overview of Marine Ecological Restoration ........................................ 5 
1.3 Research Progress of Ecological Restoration Assessment .............................. 7 
1.3.1 Ecological Restoration Effect Assessment ........................................... 7 
1.3.2 Ecosystem Health Assessment .............................................................. 9 
1.4 Research Contents and Framework ............................................................... 11 
1.4.1 Research Contents ............................................................................... 11 
1.4.2 Research Technical Framework .......................................................... 13 
Chapter 2 Assessment Methodology of Gulf Ecological Restoration ...... 14 
2.1 Principle of Selecting Indicator ..................................................................... 14 
2.2 Constitution of Indicator System ................................................................... 15 
2.2.1 Goals of Ecological Restoration ......................................................... 15 
2.2.2 Constitution of Indicator System ........................................................ 15 
2.2.3 Connotation of Indicators ................................................................... 19 
2.3 Indicator Standardization ............................................................................... 23 
2.3.1 Non-dimensional Method ................................................................... 23 
2.3.2 Assessed Criteria ................................................................................. 24 
2.3.3 Classification of Assessment Result ................................................... 25 















2.4.1 Method of Determining Weight Coefficient ....................................... 25 
2.4.2 Comprehensive Assessment Method .................................................. 27 
Chapter 3 Introduction of Study Area ...................................................... 31 
3.1 General Situation of Sansha Bay ................................................................... 31 
3.1.1 Location and Natural Conditions ........................................................ 31 
3.1.2 Socie-economic Profile ....................................................................... 34 
3.1.3 Relevant Planning Introduction .......................................................... 36 
3.2 Introduction of the Gulf Ecological Restoration inSansha Bay ..................... 40 
3.2.1 Eco-environmental Problems .............................................................. 40 
3.2.2 Main Technique of the Ecological Restoration .................................. 41 
Chapter 4 Ecological Restoration Effect Assessment in Sansha Bay ...... 44 
4.1 Data Processing .............................................................................................. 44 
4.1.1 Data Source Description ..................................................................... 44 
4.1.2 Indicator Assignment .......................................................................... 44 
4.2 Indicator Weight Calculation ......................................................................... 57 
4.3 Result of Ecological Restoration Effect Assessment ..................................... 58 
4.3.1 Result of Synthesis Indicator Method ................................................. 58 
4.3.2 Result of Fuzzy Comprehensive Method ............................................ 60 
Chapter 5 Conclusion and Prospect .......................................................... 67 
5.1 Research Result and Discussion .................................................................... 67 
5.1.1 Conclusion .......................................................................................... 67 
5.1.2 Discussion ........................................................................................... 68 
5.2 Suggestion ...................................................................................................... 72 
5.2.1 Control of Water Pollution.................................................................. 72 
5.2.2 Conservation of Biological Resources ................................................ 75 
5.2.3 Typical Habitat Restoration ................................................................ 76 
5.2.4 Marine Management, monitoring and Assessment ............................. 77 















5.3.1 Innovation ........................................................................................... 77 
5.3.2 Deficiency ........................................................................................... 78 
5.4 Prospect .......................................................................................................... 78 
Reference .................................................................................................. 79 
Acknowledgment ...................................................................................... 87 















































































Suffering from the misuse of natural resources, marine ecosystem had encountered 
a series of problems including environment deterioration, structural imbalance and 
functional decline, to some extent hampered the sustainable development of marine 
ecosystem. As one of the major methods easing the pressure of ecosystem degradation, 
marine ecological restoration plays an important role in ecosystem-based management 
(EBM), trying to regain the healthy structure and functioning process of ecosystem. 
Empirical evidence suggests that most of the previous studies focus on restoring the 
single habitat, it calls an urgent demand of comprehensive practices and rational effect 
assessment of marine ecosystem restoration, to provide a prompt insight of artificial 
restoration effect on marine ecosystem, contributes to strategic decision of restoration 
employment relating to marine management and effect improvement of restoration 
practice. Based on theoretical studies and practical investigation of previous research, 
the current study analyzes the concept of marine ecological restoration and proposes a 
new method of restoration effect assessment adopting the rationale and indexes 
framework of ecological health assessment. And a case study is carried out in Sansha 
Bay, basing on the comparison analysis of marine ecosystem health, to make some 
adaptive management suggestions. Major findings are shown as follows:  
1. The research progress of ecological restoration effect assessment in estuarine 
and coastal area has been reviewed, and in light of revealing the changes of ecosystem 
health over a period, how to properly evaluate the effect of marine ecological restoration 
is explored to determine whether meet the preset goals or not, regarding the major 
constitute parts and contributing factors of marine ecosystem. 
2. Based on some selection rules of indicators and ecological restoration 
connotation, a framework of effect assessment on marine ecological restoration is 
developed which contained 3 layers and 4 levels of indicators including environment 
quality, biological state, structural function and anthropogenic impact with a total of 24 















ecological restoration effect evaluating system integrating Analytic Hierarchy Process 
(AHP) with Fuzzy Comprehensive Evaluation (FCE) is formed and applied.   
3. Application of the evaluating system to make a comparative study of ecosystem 
health under some sorts of restoring practices is made to the Sansha Bay in Fujian 
Province, China. And it is shown that the ecosystem health of Sansha Bay remains 
steady in the “moderate” level over the period of 2009 to 2014. While looking into 
detail, the composite indicator has a bit rise, the maximum membership grade belonged 
to “unhealthy” has declined and belonged to “relatively unhealthy” and “good” 
increased, indicating a success of ecological restoration practice in Sansha Bay. And 
based on the assessment results, the major stress factors were indentified as 
eutrophication. Furthermore, a restoration strategy and management suggestion is 
proposed, regarding the changing trend of marine ecosystem health state and matching 
with the preset restoring goals, to provide a scientific and valid ground for marine 
ecological rehabilitation and sustainable development of Sansha Bay.  
  














第 1 章 绪论 
1 












性下降及渔业资源衰竭等严峻问题[3]。据估算，与 20 世纪 50 年代相比，我国滨
海湿地累计丧失 57%，红树林面积丧失 73%，珊瑚礁面积丧失 80%，三分之二
以上海岸线遭受侵蚀，砂质海岸受侵蚀逾 2500 km[4]。 
在海洋可持续发展受到严峻考验的背景下，开展海湾生态系统保护和修复行
动迫在眉睫。中共十八大首次提出建设“美丽中国”的生态文明建设目标，体现
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升为整体的生态系统，推动了生态修复理论及技术的形成[6]。 
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